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HELICOPTER, HELICOPTER KIT AND
ASSOCIATED RECONFIGURATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application 1s a U.S. National Phase Applica-
tion under 35 U.S.C. § 371 of International Patent Applica-
tion No. PCT/IB2020/062391, filed on Dec. 23, 2020, which
claiams priority from European patent application no.
19219521.2, filed on Dec. 23, 2019, the entire disclosure of

which 1s 1ncorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a helicopter, a helicopter
kit and a helicopter reconfiguration method.

BACKGROUND ART

Helicopters comprise, in a known manner, a fuselage, a
main rotor projecting from the fuselage and rotatable about
a {irst axis, and a tail rotor projecting from the fuselage and
rotatable about a second axis transversal to the first axis.

In particular, the main rotor 1s adapted to provide the lift
necessary to sustain the helicopter 1n the air and to allow the
torward/backward and lateral movement of the helicopter.
The tail rotor 1s instead adapted to counter the rotation of the
helicopter that would be caused by the reaction torque
transmitted to the fuselage by operation of the main rotor,
and to control the helicopter’s yaw, 1.e. the rotation about the
first axis.

Helicopters also comprise, 1n a known manner:

a nose and a tail boom arranged on respectively opposite

ends of the fuselage;

a fin projecting upwards 1n a cantilever fashion from a tail
boom of the fuselage and supporting the tail rotor in a
rotatable manner about the second axis; and

a tailplane projecting i a cantilever fashion from the tail
boom, laterally to the fuselage, and known as a pitch-
stabilizer.

The fin 1s shaped with a wing profile configured to
generate a first acrodynamic force with a main component
parallel to the second axis.

In this way, when the helicopter 1s 1n high-speed forward
flight, the first aerodynamic force generated by the fin
creates a counter torque that 1s added to that generated by the
tail rotor and enables keeping the helicopter at a desired yaw
angle with respect to a fixed direction.

In consequence, from the design viewpoint 1t 1s desirable
to increase the surface of the fin 1n order to increase the value
of the first aerodynamic force when the helicopter 1s 1n
high-speed forward flight.

However, this surface increase of the fin causes an
increase 1n the aerodynamic resistance in cases of lateral
tflight of the helicopter.

There 1s consequently awareness 1n the industry of the
need to optimize the acrodynamic behaviour of the fin so as
to increase the value of the first aerodynamic force in
high-speed forward flight without increasing the aerody-
namic resistance in the case of lateral flight.

The tailplane 1s configured with a wing profile that
generates, when the helicopter 1s 1n forward flight, a second
aerodynamic force, lift/negative lift, with a main component
directed parallel to the first axis.
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2

This lift/negative lift 1s added to the liit generated by the
main rotor and 1s eflective i keeping the helicopter’s
attitude 1n stable conditions during high-speed forward
flight, 1.e. 1n ensuring that the helicopter 1s 1n a position of
stable equilibrium with reference to the vertical direction
and to the rotation about a third longitudinal axis of the
helicopter. In particular, the third axis € parallel to a direction
ol extension of the fuselage onented from a nose to the tail
boom and 1s transversal to the first and second axes.

However, 1n certain low-speed conditions, 1t can happen
that the airflow directed downwards by the main rotor 1s
deviated towards the tail of the fuselage, striking the tail-
plane, and thus generating a third aerodynamic {force,
namely a downward thrust thereon.

Following acceleration and/or deceleration of the helicop-
ter, this thrust causes a nose-up attitude on the helicopter, 1.¢.
an attitude 1n which the nose of the fuselage 1s higher than
the tail of the fuselage. This nose-up attitude must be
continually corrected by the pilot acting on the cyclic pitch
of the main rotor, 1.¢. by tilting the main rotor disc forwards
so as to move the airflow away from the tailplane.

This makes tlight control diflicult for the pilot 1n certain
low-speed conditions.

Moreover, the nose-up attitude in the landing phase
causes visibility problems for the pilot, which can become
even more problematic 1n cases of gusty wind, poor weather
conditions or the presence of obstacles 1n the landing area.

Due to the above, the design of the tailplane must satisty
two conflicting constraints.

In greater detail, on one hand, a large tailplane surface 1s
required to generate an adequate value for the second
acrodynamic force and therefore increase the longitudinal
stability of the helicopter.

On the other hand, a small tailplane surface 1s optimal at
low speed to reduce the surface exposed to the downward
airflow generated by the main rotor and the amount of the
helicopter’s consequent nose-up, and therefore improves the
helicopter’s visibility and manoeuvrability in particularly
critical conditions, such as landing.

Due to these constraints, various tailplane configurations
have been used on helicopters starting from the 1950s
without achieving an optimal solution. For example, there
are known asymmetric tailplanes that are arranged on only
one side of the fuselage and at different heights with respect
to the tail boom, and symmetrical solutions with two stabi-
lizers arranged at diflerent heights and different longitudinal
positions with respect to the fuselage.

U.S. Pat. No. 8,985,300 describes a helicopter comprising
a tailplane comprising:

a pair of stabilizers, projecting 1n a cantilever fashion

from a respective side of the tail boom:;

a pair of aerodynamic appendages superimposed on the
respective stabilizers and projecting in a cantilever
fashion from a respective side of the tuselage; and

a pair of end plates opposite to the respective sides and
extending between each stabilizer and the relative
appendage.

When the helicopter 1s 1n high-speed forward flight, the
acrodynamic wash generated by the fuselage and the main
rotor significantly disturb the airflow that strikes the portions
of the appendages next to the fuselage.

In consequence, these portions are acrodynamically “in
the shadow” and do not eflectively contribute to the creation
of the second aerodynamic force necessary for stabilizing
the helicopter longitudinally.

There 1s therefore awareness 1n the industry of the need to
optimize the aerodynamic behaviour of the tailplane so as to
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increase the helicopter’s longitudinal stability in forward
flight while, at the same time, limiting the nose-up phenom-
enon 1n low-speed conditions.

There 1s also awareness 1n the industry of the need to
optimize the aerodynamic behaviour of the tailplane and the >
fin for the angles of attack characteristic of forward flight,
lateral flight and the low-speed phases of landing/take-off,
limiting or even avoiding any 1ncrease 1 dimensions and/or
maximum aerodynamic force generated at the angles of
attack typical of stalling. 10

U.S. Pat. No. 2,353,856 discloses an auxiliary airfoil to
prevent turbulent flow over a control surface. The auxiliary
airfoil 1s particularly adaptable on the empennage to smooth
the flow over the stabilizer and elevator. The primary
purpose of the airfoil 1s to eflect a smooth flow of air over
the area adjacent the intersection of two stabilizers when one
stabilizer control surface has to be cut to permit the deflec-
tion of the other.

U.S. Pat. No. 8,657,226 discloses an aircraft with a pair of

wings with relative appendixes. Each appendix 1s shaped to
confer to the relative wing a closed box shape.

15
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25
The object of the present invention i1s to produce a
helicopter that enables satistying at least one of the above-
stated needs 1n a simple and inexpensive manner.

According to the invention, this object 1s achieved by a
helicopter according to claim 1. 30

The present invention also relates to a kit for a helicopter
according to claim 12.

The present invention also relates to a method of recon-

figuring a helicopter according to claim 14. 15

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, three
preferred non-limitative embodiments thereof are described 40
hereinatfter, purely by way of example and with the aid of the
accompanying drawings, in which:

FIG. 1 1s a perspective view of a helicopter made accord-

ing to the present mvention;

FIG. 2 1s a view, on a highly enlarged scale, of a tail >

portion of the helicopter of FIG. 1;

FIG. 3 1s a section along line III-1II of FIG. 2, with parts
removed for the sake of clanty;

FIG. 4 1s a section of the tail portion of a second s5¢
embodiment of the helicopter made according to the present
imnvention; and

FIG. 5 1s a section of the tail portion of a third embodi-
ment of the helicopter made according to the present inven-
tion. 55

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1l

. : : 60
Referring to the accompanying drawings, reference

numeral 1 indicates a helicopter made according to the
dictates of the present invention.

The helicopter 1 basically comprises a fuselage 2, a main
rotor 3 arranged on top of the fuselage 2 and a tail rotor 5. (5

The fuselage 2 comprises, at its opposite ends, a nose 6
and a tail boom 7.

4

It 1s possible to define:
a roll axis X of the helicopter 1 and corresponding to a
longitudinal direction of extension of the fuselage 2;

a pitch axis Y orthogonal to the axis X; and

a yaw axis Z orthogonal to the axes X and Y.

The axes X, Y, Z are integral with the helicopter 1 and are
incident at the barycentre G (not indicated in the correct
position 1n the accompanying figures for simplicity of rep-
resentation) of the helicopter 1.

It should be noted that hereinaiter in this description,
terms such as “above”, “below”, “lateral”, “at the front™, “at
the rear” and the like are used with reference to a normal

forward direction of the helicopter 1 1n forward flight at

constant altitude, 1.e. a condition 1n which axis Z 1s vertical
and axes X, Y are horizontal.

The main rotor 3 1s adapted to provide thrust with a main
component parallel to the axis Z so as to enable sustaining
the helicopter 1 1n the air, the forward or backward move-
ment parallel to the axis X and the lateral movement 1n both
directions parallel to the axis Y.

The tail rotor 5 1s adapted to provide thrust with a main
component parallel to the axis Y. This thrust generates
torque about the axis 7Z in the opposite direction to the
reaction torque acting on the fuselage 2 following operation
of the main rotor 3, so as to control the yaw angle of the
helicopter 1.

The nose 6 and the tail boom 7 are opposite to each other
along the longitudinal axis X of extension of the helicopter
1.

The helicopter 1 also comprises:

a fin 8 projecting 1n a cantilever fashion from the top of

the tail boom 7, at the end opposite the nose 6; and

a tailplane 9 projecting 1n a cantilever fashion from the tail

boom 7 below the fin 8 and adapted to stabilize the

helicopter 1 longitudinally, namely along the axis X.
The fin 8 supports the tail rotor 5.
The fin 8 defines an aerodynamic surface 10, which 1s
configured to generate an aerodynamic force with a main
component parallel to the axis Y. In this way, when the
helicopter 1 proceeds i high-speed forward tlight, the lift
generated by the fin 8 contributes to controlling the yaw
angle of the helicopter 1.

The tailplane 9 1s adapted to generate an aerodynamic
force with a main component parallel to the axis Z, so as to
longitudinally stabilize the helicopter 1 in forward thght, 1.e.
to make the attitude of the helicopter 1 stable with regard to
rotation about the axis Y.

In greater detail, the tailplane 9 comprises a pair of
stabilizers 14 arranged on respective mutually opposite sides
of the tail boom 7.

In the following description, reference will be made to
just one stabilizer 14, as the stabilizers 14 are 1dentical to one
another.

The stabilizer 14 has a length parallel to the axis Y, a
width parallel to the axis X and a thickness parallel to the
axis 7.

The stabilizer 14 comprises a load-bearing surface 11,
which 1s configured to generate lift/negative lift with a main

component parallel to the axis Z.

The surface 11 of the stabilizer 14 1s, 1n turn, delimitated
by:
a leading edge 15 facing the nose 2 and defining a first

most forward end edge of the stabilizer 14;

a trailing edge 16 opposite to the leading edge 15 along
the axis X and defining a second most rearward end

edge of the stabilizer 14;
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a top surface 17 delimited between the leading edge 15
and the trailing edge 16 and defining an upper surface
of the stabilizer 14; and

a bottom surface 18 delimited between the leading 15 and
trailing 16 edges on the opposite side of the top surface
17, and defining a lower surface of the stabilizer 14.

The surface 11 also comprises a pair of end edges 12a,
1256 opposite to each other and parallel to the axis Y. The end
edge 12a of each surface 11 1s fixed to the tail boom 7.

Advantageously, the stabilizer 14 comprises:

a plate 20 projecting in a cantilever fashion transversely
to the surface 11; and

an appendage 21 defining a further aecrodynamic surface,
connected transversely to the plate 20, spaced from the
surface 11 parallel to the axis Z, and spaced from the fin
8 parallel to the axis Y.

In greater detail, the plate 20 1s opposite to the fin 8 along

the axis Y and 1s connected to the surface 11.

The stabilizer 14 also comprises a further plate 22 pro-
jecting 1n a cantilever fashion from the appendage 21 and
connected to the surface 11.

More specifically, the plate 22 1s spaced from the plate 20
parallel to the axis Y and interposed between the fin 8 and
the plate 20 parallel to the axis Y.

The plate 22 extends transversely to the appendage 21 and
to the surface 11.

In this way, the plates 20, 22, the appendage 21 and a
portion 23 of the stabilizer 14 interposed between the plates
20, 22 define a closed wing surface 25.

In greater detail, the plate 20 1s delimited parallel to the
axis Z. by an edge 30 arranged adjacent to the surface 11 and
by an edge 31 opposite to edge 30.

The plate 20 also comprises a zone 32 interposed between
the edges 30, 31 parallel to the axis Z and to which the
appendage 21 1s connected.

In the case shown, the edge 31 1s arranged above the zone
32.

The edges 30, 31 and the zone 32 extend parallel to the
axis X.

The appendage 21 1s also delimited by:

a leading edge 35 facing the nose 6 and defining a first

most forward end edge of the appendage 21;

a trailing edge 36 opposite to the leading edge 135 along
the axis X and defining a second most rearward end
edge of the appendage 21;

a top surface 37 delimited between the leading edge 35
and the trailing edge 36 and defining an upper surface
of the appendage 21; and

a bottom surface 38 delimited between the leading edge
35 and the trailing edge 36 on the side opposite to the
top surface 37, and defining a lower surface of the
appendage 21.

Referring to FIGS. 2 and 3, the bottom surface 38 of the
appendage 21 m interposed along the axis Z between the top
surface 37 of the appendage 21 and the top surface 17 of the
surface 11.

In other words, the appendage 21 1s superimposed on the
surface 11 along the axis 7.

The appendage 21 also comprises a pair of end edges 24a,
24b opposite to each other, parallel to the axis Y and
respectively connected to the plate 20 and the plate 22.

The appendage 21 also has a length parallel to the axis Y
and a width parallel to the axis X.

The plate 22 also comprises an edge 40 connected to the
appendage 21 and an edge 41 connected to the surface 11.

The edges 40, 41 are opposite to each other, parallel to the
axis 7. and extend parallel to the axis Y.

10

15

20

25

30

35

40

45

50

55

60

65

6

In the case shown, the edge 40 1s arranged above the edge
41.

In the case shown, the plate 22 1s tilted towards plate 20,
proceeding from the edge 41 towards the edge 40 with
reference to a plane orthogonal to the axis Y and passing
through the edge 41.

Referring to FIG. 3, the stabilizer 14 also comprises a pair
of tlaps 50, also known as Gurney flaps, applied to the
respective opposite sides of the trailing edge 16 of the
surface 11, lying on the same plane and both orthogonal to
the trailing edge 16 so as to form a T-shape.

In particular, portion 23 comprises:

a zone 53 next to the plate 20 parallel to the axis Y and

interposed between a section 56 of the leading edge 15
and a corresponding section 37 of the trailing edge 16
parallel to the axis X; and

the flaps 50.

In the case shown 1n FIG. 2, the wingspan 60, namely the
extension parallel to the axis Y, of the zone 53 ranges
between approximately 5% and 35% of the wingspan 61 of
the appendage 21, preferably between 15% and 20%.

Referring to FIG. 3, the chord 62 of the appendage 21,
namely the distance between the leading edge 35 and the
trailing edge 36, ranges between approximately 5% and
100%, preferably between approximately 30% and 70%, of
the chord 63 of the surface 11, namely the distance between
the leading edge 15 and the trailing edge 16.

The distance 64 between the chords 62, 63 measured
parallel to the axis Z ranges between approximately 5% and
120%, preferably between approximately 20% and 100%, of
the chord 63 of the surface 11.

The distance 65 between the chord 62 and the edge 31
ranges between 40% and 55% of the chord 63 of the surface
11.

The distance 66 between the chord 63 and the edge 31
ranges between 110% and 120% of the chord 63 of the
surface 11.

The distance 67 parallel to the axis X between the leading
edge 35 and leading edge 15 ranges between 50% of the
chord 63 towards the nose 6 and 50% of the chord 63 on the
side opposite to the nose 6.

The plates 20, 22, the appendage 21, the zone 33 of the
stabilizer 14 and the Gurney tlaps 50 form a reconfiguration
kit 80 (FIG. 2) for a stabilizer of a helicopter comprising the
surface 11 without the portion 23.

The fin 8 15 shaped in an entirely similar manner to the
stabilizer 14, where the surface 10 of the fin 8 1s considered
instead of the surface 11, and 1s therefore only synthetically
described below.

In particular, corresponding or equivalent parts of the fin
8 and of the stabilizer 14 are indicated in FIGS. 2 and 3,
where possible, with the same reference numerals.

The fin 8 comprises a support 90, adapted to support the
rotor 5 and projecting in a cantilever fashion transversely to
the surface 11 from both sides 13a, 135 of the fin 8.

On the side 135 opposite to the rotor 5 along the axis Y,
the fin 8 comprises:

a plate 91 projecting in a cantilever fashion transversely
to the surface 11, curved and interposed between the
support 90 and a stabilizer 14; and

an appendage 92 defining a further acrodynamic surface,
extending between the support 90 and the plate 91, and
spaced from surface 11 parallel to the axis Y.

The fin 8 also comprises a portion 93 interposed along the

axis 7. between the support 90 and the plate 91.

In the case shown, the support 90 1s arranged above the

plate 91.
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The plate 91 and the appendage 92 are totally similar to
the plates 22 and the appendage 21, respectively, and are
therefore not described 1n detail hereinafter.

The support 90, the plate 91, the appendage 92 and the
portion of the fin 8 interposed between the support 90 and
the plate 92 define a closed wing surface 93 that develops an
acrodynamic force with a main component parallel to the
axis Y 1n forward flight conditions of the helicopter 1.

The support 90, the plate 91, the appendage 92 and the
portion 93 of the stabilizer 14 form a reconfiguration kit 100
(FIG. 2) for a stabilizer of a helicopter comprising the
surface 10 without the portion 93.

Operation of the helicopter 1 1s described starting from
low-speed forward flight or hovering conditions typical, for
example, of the phases of take-ofl/landing.

In this condition, the reaction torque about the axis Z
generated on the fuselage 2 by the operation of the main
rotor 3 1s substantially balanced by the tail rotor 5. In fact,
due to the low or null speed of the helicopter 1, the
acrodynamic force generated by the fin 8 1s negligible.

Furthermore, in this condition, the downwash from the
main rotor 3 towards the tail boom 7 strikes the stabilizers
14 of the tailplane 9.

The appendages 21 arranged above the surfaces 11
obstruct the passage of this wash towards the surfaces 11,

which are therefore subjected to a particularly low or null
downward thrust due to the wash of the main rotor 3.

Moreover, the small overall extension of the appendages
21 enable further reducing the downward thrust that this
wash exerts on the tailplane 9.

In consequence, the nose-up moment about the axis Y
generated by this thrust i1s reduced, with a consequent
reduction in attitude varniation of the helicopter 1 and 1n the
corrections required of the pilot during the phases of take-
ofl/landing.

Contrariwise, 1n high-speed forward flight conditions, the
fin effectively contributes to counter the reaction torque
generated by the main rotor 3, due to the aecrodynamic forces
generated both by the surface 10 and by the appendage 92.

Furthermore, 1n these conditions, the tailplane 9 generates
acrodynamic thrust with a component parallel to the axis Z
that enables keeping the helicopter 1 1n stable equilibrium
with respect to translation along the axis Z and rotation
about the axis Y.

The presence of the fuselage 2 disturbs the acrodynamic
flow that strikes the fin 8 and the tailplane 9.

In particular, the areas of the tailplane 9, and therefore of
the surface 11, next to the fin 8 are struck by a substantially
smaller airflow than that which strikes the closed wing
surfaces 25 of the stabilizers 14.

Similarly, the areas of the fin 8, and therefore of the
surface 10, next to the tailplane 9 are also struck by a
substantially smaller airflow than that which strikes the
closed wing surtaces 95 of the fin 8.

In lateral tlight conditions, the surface 10 of the fin 8 1s
struck by a substantially smaller airflow than that which
strikes the appendage 92. In other words, the surface 10 1s
acrodynamically shielded by appendage 92. In consequence,
the aerodynamlc resistance offered by the fin 8 1n lateral
flight 1s partlcularly reduced.

The kit 80 15 used to reconﬁgure a helicopter equipped
with stabilizers that each comprise only the surface 11
without the portion 23.

In greater detail, the plates 20, 22 are fixed to the edges
30, 41 of the surface 11 so as to arrange appendage 21 facing
the surface 11.
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The zone 33 1s connected to the surface 11 so as to define
an extension of the latter.

In particular, the zones 33 are connected to the relative
plates 20 parallel to the axis Y.

Similarly, the kit 100 1s used to reconfigure a helicopter
equipped with a fin comprising only the surface 10 of the
helicopter to be configured.

In greater detail, the plate 91 1s fixed to the surface 10 so
as to arrange the appendage 92 facing the surface 10 of the
helicopter 1 to be configured and the appendage 92 i1s fixed
to the support 90.

Referring to FIG. 4, reference numeral 14' indicates a
stabilizer of a helicopter 1 according to a further embodi-
ment of the mvention.

The stabilizer 14' 1s similar to stabilizer 14 and will be
described hereinafter only with regard to the differences;
where possible, the same or equivalent parts of the stablhz-
ers 14, 14' will be indicated with the same reference numer-
als.

The stabilizer 14' differs from stabilizer 14 1n that it
COmprises:

at least one appendage 21' arranged on the side of the top

surface 17 of the surface 11 along the axis Z and spaced
from the fin 8 along the axis Y, and at least a further
appendage 21' arranged on the side of the bottom
surface 18 of the surface 11 along the axis 7 and spaced
from the tail boom 7 along the axis Y.

In particular, the appendages 21' could be more than one
and/or the further appendages 21' could be more than one.

Referring to FIG. 5, reference numeral 14" indicates a
stabilizer of a helicopter 1 according to a further embodi-
ment of the ivention.

The stabilizer 14" 1s similar to the stabilizer 14 and waill
be described hereinafter only with regard to the diflerences;
where possible, the same or equivalent parts of the stabiliz-
ers 14, 14" will be indicated with the same reference
numerals.

The stabilizer 14" differs from the stabilizer 14 1n that it
comprises at least two appendages 21" arranged on the side
of the top surface 17 of the surface 11, spaced from the fin
8 and staggered along the axis X.

Alternatively, the stabilizer 14" could comprise at least
two appendages 21" arranged on the side of the bottom
surface 18 of the surface 11, spaced from the fin 8 and
staggered along the axis X.

From an examination of the characteristics of the heli-
copter 1, the kits 80, 100, and the method according to the
present invention, the advantages that can be attained there-
with are evident.

In particular, the appendages 21 of the stabilizers 14
generate an acrodynamic force, and are spaced from the
respective surfaces 11 parallel to the axis Z and from the fin
8 parallel to the axis Y.

In this way, 1in high-speed conditions, the aerodynamic
forces of lift/negative lift generated by the appendages 21
along the axis Z are added to those generated by the surfaces
11 and contribute, on one hand, as a prevailing efiect for
increasing the longitudinal stability of the helicopter 1.

On the other hand, since the appendages 21 are spaced
from the fin 8, the stabilizers 14 are less heavy and less bulky
than the stabilizers of the known solutions described in the
introductory part of this description, with obvious advan-
tages for the helicopter 1.

This weight reduction 1s obtained without any penaliza-
tion regarding the acrodynamic force generated by stabiliz-
ers 14, as the fuselage 2 and the main rotor 3 significantly
disturb the airflow that arrives 1n the area interposed
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between the appendages 21 and the fin 8, making it rather
ineflicient to generate an aerodynamic force 1n this area.

In other words, the tailplane 9 enables a high degree of
longitudinal stability of the helicopter 1 with reduced
weight.

In low-speed conditions, the surfaces 11 are in the turbu-
lent wash of the appendages 21. The downward thrust
generated by the wash of the main rotor 3 on the tailplane 9
1s thus reduced with respect to traditional solutions, reducing
the tendency of the helicopter 1 to assume a nose-up attitude
and i1mproving the pilot’s comifort and visibility during
landing operations.

Each stabilizer 14 also comprises the relative closed wing
surface 25 defined by the plates 20, 22, the appendage 21
and the portion 23 of the stabilizer 14 interposed between the
plates 20, 22.

The closed wing surfaces 25 significantly reduce the
negative effects of induced drag and maximize efliciency,
1.e. the ratio between lift and generated resistance, of the
respective stabilizers 14. The stabilizers 14 thus increase the
value of the aerodynamic force generated for the same
surface or allow obtaiming the same generated force with a
smaller surface, thereby ensuring longitudinal stability of
the helicopter 1 with less weight and bulk.

Similarly to the tailplane 9, the fin 8 enables, on one hand,
to increase, 1 high-speed flight, the overall acrodynamic
force generated with a component parallel to the axis Y, due
to the presence of appendage 92, which generates a further
acrodynamic force in addition to that generated by the
surface 10.

Since appendage 92 1s spaced from the tailplane 9, 1t 1s
possible to reduce the overall weight of the fin 8 without
penalizing the overall amount of the aerodynamic force
generated, as the area interposed between appendage 92 and
the tailplane 9 1s in the turbulent wash generated by the main
rotor 3 and by the fuselage 2 and is therefore substantially
ineflicient from the aerodynamic viewpoint.

On the other hand, referring to the lateral flight conditions
of the helicopter 1, 1.e. a condition 1n which the helicopter
moves sideways parallel to the axis Y, the surface 10 1s in the
wash of the appendage 92 and 1s therefore struck by a more
disturbed airtflow. This results 1n a reduction in the overall
acrodynamic resistance of the fin 8 1n lateral flight condi-
tions.

Due to this, the increase in acrodynamic force obtained at
high speed causes a decidedly lower increase 1n resistance of
the fin 8 1n lateral flight 8 than that which would be attained
if the increase 1n acrodynamic force was obtained by simply
increasing the extension of the surface 10 without 1ntroduc-
ing the appendage 21.

Similarly to each stabilizer 14, the fin 8 comprises the
closed wing surface 95 defined by the support 90, by the
plate 91, by the appendage 92 and by the portion 93
mterposed between the support 90 and the plate 91.

Similarly to the closed wing surface 25, the wing surface
95 also significantly reduces the negative effects of induced
drag and maximizes efliciency, namely the ratio between lift
and generate resistance, of the fin 8. Due to the presence of
the closed wing surface 95, the value of the acrodynamic
force generated for the same surface is thus increased, or 1t
1s possible achieve the same generated force with a smaller
surface, thereby ensuring control of the yaw of the helicopter
1 at high speed in an aerodynamically eflicient manner.

Summarizing, the applicant has observed that the intro-
duction of the appendages 21, 92 enables raising the lift
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slope of the lift coellicient with respect to the angle of attack,
thereby reducing the increase i maximum lift i stall
conditions.

Since the angles of attack of the fin 8 and the tailplane 9
corresponding to the normal flight conditions of the heli-
copter 1—forward tlight, lateral flight, hovering, low-speed
tlight during take-ofl/landing, are less than the stall angle of
attack, the appendages 21, 92 enable increasing the value of
the aerodynamic forces generated by the fin 8 and by the
tailplane 9 at the angles of attack typical of operation of the
helicopter 1.

The flaps 50 applied orthogonally to the trailing edge 16
enable increasing the aerodynamic force generated by the
surface 11 against a small increase 1 acrodynamic resis-
tance. In particular, due to the T-shape of the flaps 50 and the
trailing edge 16, 1t 1s possible to increase the lift/negative lift
generated by the surfaces 11 and the relative maximum
value of the lift coeflicient as the angle of attack changes.

The appendages 21', 21" allow increasing the aerody-
namic force generated by the tailplane 9 and, consequently,
the stabilization eflect at high speed, further increasing the
shielding effect of the surface 11 from the downward wash
generated by the main rotor 3.

The kats 80, 100 enable reconfiguring a helicopter with a
traditional fin and tailplane by simply:

fixing the plates 20, 22 to the edges 30, 41 of the surface

so as to arrange the appendage 21 facing the surface 11,
and fixing the zone 33 to the surface 11 so as to define
1ts extension; and/or

fixing the plate 91 to the respective edge of surface 10 and

the appendage 92 to the support 90, so as to arrange the
appendage 92 facing the surface 10 of the helicopter to
be configured.

Since the plate 22 1s spaced from the fin 8, the application
of the kit 80 does not require any action on the tail boom 7,
enormously simplifying the reconfiguration of the helicopter
1.

Similarly, the application of the kit 100 does not require
any action on the tailplane 9 as the plate 92 1s spaced from
the stabilizer 14, further simplifying the reconfiguration of
the helicopter 1.

The T-shaped appendages 50 are particularly advanta-
geous when 1ncorporated 1n the kit 80. In fact, the T-shape
allows 1increasing the lift generated by the stabilizers 14
without altering the attitude of the helicopter 1 with respect
to a condition in which the kit 80 was not present.

It 1s clear that modifications and variants can be made to
the helicopter 1, the kit 80, 100 and the method set forth
herein without departing from the scope defined in the
claims.

In particular, each stabilizer 14 might not comprise the
relative the plate 22. Similarly, the fin 8 might not comprise
the plate 91.

Furthermore, each stabilizer 14 might comprise a plate 22
spaced along the axis Z from the relative surface 11.
Similarly, the fin 8 might comprise a plate 91 spaced along
the axis Z from the relative surface 10.

The element 90 might not be the rotor support.

Finally, the appendages 21', 22" might be carried by the
fin 8 1nstead of by the stabilizers 14, 14",

The mvention claimed 1is:

1. A helicopter comprising:

a tail boom;

a fin projecting from said tail boom; and

a tailplane arranged at said tail boom and transversal to

said fin:
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at least one of said fin and said tailplane defining a first
aerodynamic surface generating, in use, a first acrody-
namic force;

at least a first element transversal to said first acrodynamic

surface; and
a second aerodynamic surface generating, 1n use, a second
acrodynamic force, connected to said first element,
facing and spaced from said first acrodynamic surface;

said second aerodynamic surface being spaced from the
other of said fin and said tailplane;

said second acrodynamic surface extending in a spanwise

direction 1n parallel to the spanwise direction of said
first aerodynamic surface; wherein said tailplane com-
prises a pair of stabilizers projecting 1n a cantilever
fashion from opposite sides of said tail boom:;

cach said stabilizer comprising a corresponding said first

acrodynamic surface, a corresponding said second
acrodynamic surface and a corresponding said {first
element; and

a second element spaced from said {first element, trans-

versal to said first and second aerodynamic surfaces,
and extending starting from said second aerodynamic
surface towards said first acrodynamic surface, wherein
said second aerodynamic surface intersects the first
clement at a location between a top edge and a bottom
edge of the first element such that said second aerody-
namic suriace lies entirely below the top edge.

2. The helicopter according to claim 1, wherein said
second element 1s connected to said first acrodynamic sur-
face and 1n that said first and second elements, said second
acrodynamic surface and a portion of said first acrodynamic
surface-interposed between said first and second aerody-
namic surfaces define a closed wing surface; wherein a plane
that contains said second aerodynamic surface intersects and
1s transversal to the fin.

3. A helicopter comprising:

a tail boom;

a fin projecting from said tail boom; and

a tailplane arranged at said tail boom and transversal to

said fin;

at least one of said fin and said tailplane defining a first

acrodynamic surface generating, 1n use, a first aerody-
namic force;

at least a first element transversal to said first acrodynamic

surface; and
a second aerodynamic surface-generating, 1n use, a sec-
ond acrodynamic force, connected to said first element,
facing and spaced from said first acrodynamic surface;

said second aerodynamic surface being spaced from the
other of said fin and said tailplane;
said second aerodynamic surface extending in a spanwise
direction 1n parallel to the spanwise direction of said
first acrodynamic surface; wherein said tailplane com-
prises a pair ol stabilizers projecting 1n a cantilever
fashion from opposite sides of said fuselage tail boom;

cach said stabilizer comprising a corresponding said first
acrodynamic surface, a corresponding said second
acrodynamic surface and a corresponding said {first
element:;

wherein the second aerodynamic surface 1s arranged

above the first acrodynamic surface and is configured to
obstruct passage of downwash from a main rotor
towards the first acrodynamic surface.

4. The helicopter according to claim 3, wherein said first
aerodynamic surface comprises a first leading edge and a
first trailing edge opposite to each other with reference to a
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normal forward direction of said helicopter onientated from
said tail boom to a nose of said helicopter;

said second aerodynamic surface comprising a second

leading edge and a second trailing edge opposite to
cach other with reference to said normal forward direc-
tion;
wherein said first leading edge 1s arranged 1n a forward
position with respect to said second leading edge with
reference to said normal forward direction; and/or

wherein said first trailing edge 1s arranged 1n a rearward
position with respect to said second trailing edge with
reference to said normal forward direction.

5. The helicopter according to claim 4, further comprising,
a pair ol appendages applied on at least one of said first and
second trailing edges and transversal thereto, arranged on
respective opposite sides of said at least one of said first or
second trailing edge so as to form a T configuration with said
at least one of said first and second trailing edges.

6. The helicopter according to claim 3, wherein said first
acrodynamic surface comprises a first top surface and a first
bottom surface;

wherein said helicopter turther includes at least two said

second aerodynamic surfaces arranged on the same side
of said first top surface or of said first bottom surface
of said first aerodynamic surface; and/or

at least one said second aerodynamic surface arranged on

the side of said first top surface and at least a further
said second aerodynamic surface arranged on the side
of said first bottom surface of said first acrodynamic
surface.

7. The helicopter according to claim 3, wherein said first
clement 1s arranged on a first end of said first aerodynamic
surface opposite to said other of said fin and said tailplane.

8. The helicopter according to claim 3, wherein said first
aerodynamic surface 1s defined by said tailplane and said
second acrodynamic surface 1s spaced from said fin.

9. The helicopter according to claim 8, wherein said
second aerodynamic surface comprises a second top surface
and a second bottom surface opposite to each other;

said second bottom surface facing said first top surface;

said helicopter further comprising a main rotor operable

to generate an airflow directed, 1n use, along a first axis
and towards said tailplane;

said second aerodynamic surface being arranged trans-

versely to said first axis.

10. A helicopter comprising:

a tail boom;

a fin projecting from said tail boom; and

a tailplane arranged at said tail boom and transversal to

said fin:

said fin defining a first acrodynamic surface generating, in

use, a first aerodynamic force;

at least a first element transversal to said first acrodynamic

surface; and
a second acrodynamic surface-generating, in use, a sec-
ond acrodynamic force, connected to said first element,
facing and spaced from said first acrodynamic surface;

said second aerodynamic surface being spaced from said
fin;

said second aerodynamic surface extending 1n a spanwise

direction 1n parallel to the spanwise direction of said
first acrodynamic surface;

said fin further defimng said second aerodynamic surface,

said second aerodynamic surface being spaced from
said tailplane.
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11. An upgrade kit for a helicopter comprising;
at least one first element transversely fixable to a first

acrodynamic surface defined by a tailplane or a fin of

said helicopter;

a second aerodynamic surface transversal to said first
clement and adapted to generate, 1n use, an aerody-
namic force;

said first element comprising;:

an edge fixable to said first acrodynamic surface; and

a zone separate from said edge and from which said
second aerodynamic surface projects in a cantilever
fashion;

said second aerodynamic surface being configured to be
arranged, 1n use, at a distance from the other of said tailplane
or fin of said helicopter;

said second aerodynamic surface extending 1n a spanwise
direction 1n parallel to the spanwise direction of said first
aerodynamic surface;

said kit further comprising:

a second element projecting 1n a cantilever fashion from said
first element 1n a staggered position with respect to said
second acrodynamic surface;

wherein said tailplane comprises a pair of stabilizers pro-
jecting 1n a cantilever fashion from opposite sides of said
tuselage;

cach said stabilizer comprising a corresponding said {first
acrodynamic surface, a corresponding said second aerody-
namic surface and a corresponding said first element.

12. The kit according to claim 11, characterized in that 1t
comprises a plate transversal to said second aerodynamic
surface and arranged on the opposite side of said first
clement with respect to said first acrodynamic surface;

said first element and the plate being arranged on the same
side of said first acrodynamic surface, wherein said
second aerodynamic surface intersects the plate at a
location between a top edge and a bottom edge of the
plate such that said second aerodynamic surface
entirely lies below the top edge.

13. An upgrade method for a helicopter; said helicopter
comprising;

a tail boom;

a fin projecting from said tail boom; and

a tailplane arranged on said tail portion and transversal to
said fin:

at least one of said fin and said tailplane defining a first
acrodynamic surface;

said method comprising the steps of:

1) arranging a {irst element transversely to said first
acrodynamic surface;

1) arranging a second aerodynamic surface spaced from
said first acrodynamic surface and from the other of
said tailplane and fin; and

111) connecting said second aerodynamic surface to said
first element:;

said second aerodynamic surface extending in a spanwise
direction 1n parallel to the spanwise direction of said
first aerodynamic surface;
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wherein said tailplane comprises a pair of stabilizers
projecting 1n a cantilever fashion from opposite sides of
said fuselage;
cach said stabilizer comprising a corresponding said first
acrodynamic surface, a corresponding said second
acrodynamic surface and a corresponding said first
element; and
wherein the second aerodynamic surface i1s arranged
above the first acrodynamic surface and 1s configured to
obstruct passage of downwash from a main rotor
towards the first acrodynamic surface.
14. An upgrade kit for a helicopter comprising:
at least one first element transversely fixable to a first
acrodynamic surface defined by a fin of said helicopter;
a second aerodynamic surface transversal to said first
clement and adapted to generate, 1n use, an aerody-
namic force;
said first element comprising:
an edge fixable to said first acrodynamic surface; and
a zone separate from said edge and from which said
second acrodynamic surface projects in a cantilever
fashion;
said second aerodynamic surface being configured to be
arranged, 1n use, at a distance from the other of said tailplane
or fin of said helicopter;
said second aerodynamic surface extending in a spanwise
direction in parallel to the spanwise direction of said first
acrodynamic surface;
said kit further comprising:
a second element projecting 1n a cantilever fashion from said
first element 1 a staggered position with respect to said
second aerodynamic surface;
wherein said first acrodynamic surface 1s defined by said fin,
said fin further defining said second aerodynamic surface,
said second aerodynamic surface being spaced from said
tailplane.
15. An upgrade method for a helicopter; said helicopter
comprising:
a tail boom:;
a fin projecting from said tail boom; and
a tailplane arranged on said tail portion and transversal to
said fin;
said {in defining a first acrodynamic surface;
said method comprising the steps of:
1) arranging a first element transversely to said first acrody-
namic surface:
11) arranging a second aerodynamic surface spaced from said
first aerodynamic surface and from the fin; and
111) connecting said second aerodynamic surface to said first
element;
said second aerodynamic surface extending in a spanwise
direction 1n parallel to the spanwise direction of said first
acrodynamic surface;
said fin further defining said second aerodynamic surface,
said second aerodynamic surface being spaced from said
tailplane.
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